The oral stimulation arising from food in the mouth produces a stereotyped sequence of ingestive consummatory responses in rats and a rapid release of insulin prior to the absorption of nutrients into the blood. Conversely, when noxious taste stimuli are infused into the mouth, a different, aversive set of consummatory responses is evoked, and no insulin is released. These experiments demonstrate that pairing a sapid taste solution with LiCl suffices to reverse the consummatory response sequence to subsequent presentations of that taste from ingestion to aversion and to abolish the preabsorptive release of insulin to that taste. This indicates an experience-produced shift in the palatability of the taste. It was further shown that a palatable but categorically noncaloric taste elicits behavioral ingestion but no insulin release, and it is concluded that separate but related control systems operate to produce consummatory behavior and ingestive neuroendocrine responses.
natural experience is not well known. It might be, for instance, that the cephalic responses to oral food stimuli are innate reflexes triggered by sweet (Nicolaidis, 1977) or by other specific sorts of stimulation (Fischer, Hommel, Ziegler, & Jutzi, 1972) . Alternatively, it is possible that such reflexes arise out of experience with the sensory cues and the postingestive consequences of foods (Deutsch, 1974) .
Preabsorptive insulin release (PIR) has been demonstrated in the rat, dog, sheep, rabbit, lamb, and humans (Bassett, 1974; Fischer, Hommel, Ziegler, & Michael, 1972; Karamanos, Butterfield, Asmal, Cox, & Wichelow, 1971; Porter & Bassett, 1979; Strubbe & Steffens, 1975) . In the rat, the PIR begins within the first minute of a meal and peaks by the third minute, having an amplitude of 1-2 ng/ml above baseline (Louis-Sylvestre, 1976; Strubbe & Steffens, 1975) . In contrast, postabsorptive insulin secretion does not begin until later; glucose absorbed from a meal does not begin to appear in the blood until the third minute of a meal (Steffens, 1969b) . The independence of the PIR from immediate postabsorptive events is underscored by the fact that nutrient-free substances (i.e., solutions of saccharin or solid mixtures of cellulose and paraffin oil) reliably elicit a PIR (Berthoud, Trimble, Siegel, Bereiter, & Jeanrenaud, We are indebted to the Diabetes Center of the University of Pennsylvania for conducting the insulin assays, and especially to its director, Franz Matchinsky, for advice and discussion The glucose assays were performed on a Beckman glucose oxidase analyzer, graciously made available to us by Richard Miselis. Portions of this work were presented at the 5th (Experiment 1) and the 10th annual meetings of the Society for Neuroscience (1975 and 1980) and to the 7th International Conference on the Physiology of Food and Fluid Intake, Warsaw, Poland (1980) . This work was supported by National Institutes of Health Grant AM-21397 to H J Grill and Grant NS-10150 to R Norgren Thanks are due Lisa Landsman for aid in data collection and analysis, and Jon Schull for advice in planning experiment 5 We also thank Norm Adler, Eva Kosar, and Paul Rozin for reading this manuscript, and Richard DiRocco, Avery Gilbert, Marcia Pelchat, Richard Solomon, and David Williams for reading an earlier version
Requests for reprints should be sent to Kent Berridge, Department of Psychology, University of Pennsylvania, 3815 Walnut Street, Philadelphia, Pennsylvania 19104. 1980; Strubbe & Steffens, 1975) . The PIR is a neuroendocrine reflex triggered by oral stimulation, integrated by the central nervous system, and effected by a parasympathetic activation of the vagal efferents to the pancreas. It can be blocked by topical anesthesia of the mucosal surface of the mouth (Hommel, Fischer, Retzlaff, & Knofler, 1972) , transections of the vagus nerve (Louis-Sylvestre, 1976) , administration of atropine, a parasympathetic blocking agent (Porter & Bassett, 1979) , or transplantation of pancreatic tissue (Berthoud et al., 1980 : Louis-Sylvestre, 1978 . Conversely, the relative amplitude of the PIR is enhanced by bilateral lesions of the ventromedial hypothalamus (Louis-Sylvestre, 1976) .
Reports by other investigators of the preabsorptive release of insulin have tended to encourage a view of the PIR as a stimulus-bound response to oral stimulation that is independent of experience. Attempts to detect a role of conditioning in the production of the PIR have produced negative results (Fischer, Hommel, Ziegler, & Jutzi, 1972; Strubbe & Steffens, 1975) . These experiments have demonstrated that isolated components of the entire sensory experience surrounding ingestion (e.g., the smell or sight of food) are not effective elicitors of the PIR. Fischer, Hommel, Ziegler, and Jutzi (1972) probed the mouths of dogs with a blunt instrument in an effort to present "mechanical stimulation" and, in a separate experiment, showed meat to the same animals without allowing them to eat it. Neither of these procedures could evoke a PIR, although the same animals would readily show the reflex in response to infusions of glucose solution into the mouth These investigators concluded that the PIR to oral glucose is not produced by a conditioned reaction. Similarly, Strubbe and Steffens (1975) prevented access to food so that a 2-hr-food -deprived rat could see and smell the food but not eat it. This situation also failed to induce a PIR.
The failure of these experiments to find a role for experience in the preabsorptive release of insulin to a meal should not be taken to be conclusive. These experiments attempted to abstract a single feature (i.e., touch, sight, or smell) from the total stimulus complex that accompanies ingestion. The negative finding that such isolated stimuli do not evoke insulin secretion simply means that isolated food-related cues do not trigger the PIR independently of each other and that they do not sum together in a strictly additive fashion to produce the typical PIR from a number of partial, smaller amplitude insulin responses to individual sensory components. By no means do these experiments demonstrate that the PIR is independent of experience. A more powerful test of the independence of the PIR from experience would be to change the significance of an entire stimulus complex that is known to be able to elicit a PIR. In this way one can observe whether the insulin response to a food remains constant as experience changes the motivational significance of that food.
The learned taste aversion paradigm is known to be an effective way of changing the rat's response to a poison-paired taste (Garcia & Koelling, 1966; Rozin, 1967) . Pairing a novel, preferred taste with injections of LiCl greatly reduces future consumption of foods with that taste. Concomitantly, taste-LiCl pairing elicits new behaviors, such as food spillage, that are directed toward the LiCl-paired food. The rat's spillage of the poison-paired food closely resembles its spillage of novel, quinine-adulterated food (Rozin, 1967) . The taste aversion paradigm is an appropriate means of testing the independence of the preabsorptive insulin response to a taste from the animal's experience with that taste. A model of the PIR that held experiential modification to be important to the elicited insulin response would predict that pairing a taste with LiCl effectively alters the PIR to that taste when next encountered. This does not necessarily mean that the original PIR is learned, of course, although a learning origin might appear more likely after such a finding. It is also possible that the animal comes to the world set to give a PIR to certain stimuli but that this disposition is subsequently changed by experience. Alternatively, the weight of the literature on the preabsorptive insulin response leads one to predict that the PIR elicited by a given taste is determined by the quality of the oral sensory input alone, independently of experience.
Experiment 1: Changes in Consummatory
Responses After Taste-LiCl Pairing A method for presenting taste stimuli to the oral cavity that will ensure adequate sensory stimuli for the PIR is essential for an investigation of the effects of a learned taste aversion on the preabsorptive insulin response. This method must control for the variability of a rat's initiating drinking of preferred tastes and also enable the oral presentation of tastes (novel or poisonpaired) that the rat would not normally consume. The method also must enable measurement of the rat's ingestion or rejection of taste stimuli. Grill and Norgren (1978a) developed a methodology for remotely delivering tastes directly into the mouths of rats and objectively assessing the response or taste reactivity evoked by these tastes.
Briefly, two distinct response topographies emerge following the intraoral injection of small quantities (50 n\) of a variety of taste stimuli (see Grill & Norgren, 1978a , for more information). In response to sucrose, a sequence of rhythmic mouth movements, rhythmic tongue protrusions, and lateral tongue protrusions accompanies ingestion. Movement is restricted to the mouth in response to sucrose; rats do not move about or in any way increase their activity. Taste reactivity to quinine differs strikingly. Rats gape, chin rub, head shake, face wash, forelimb shake, and paw rub in response to small volumes of orally delivered quinine. A dramatic increase in activity also accompanies quinine presentation. In a preliminary report Grill (1975) demonstrated that sucrose comes to elicit a quinine-like taste reactivity after pairing of novel sucrose with LiCl injections. The purpose of the present experiment is to expand on this preliminary observation and to provide a method of behavioral assessment that can be coupled with the measurement of plasma insulin responses to taste stimuli. Such a procedure will then allow the relation between somatic and autonomic responses to tastes to be examined.
Method
Subjects Thirty-eight naive male Sprague-Dawley rats weighing between 350 and 450 g (Charles River Ingestion Sequence / "'' \ Mixed Response Sequence Aversion Sequence Figure 1 Taste reactivity for unpaired and paired stimuli. (Either novel or familiar sucrose, NaCl, and HC1 stimuli when presented intraorally elicit an ingestive sequence [top] composed of rhythmic movements of mandible and tongue followed by nonrhythmic lateral tongue protrusion. After a single pairing of familiar NaCl or HC1 with LiCl injection, a mixed response pattern [middle) is evoked [also see Figure 2 ). The mixed pattern generally adds the gaping component to the ingestion sequence This mixed pattern is also characteristic of the response elicited by novel 3 X 10" 15 M quinine HC1 After two pairings of sucrose, NaCl, or HO with LiCl injection, an aversive sequence is elicited This sequence |bottomj is generally composed of some set of the following response components: gaping, chin rubbing, head shaking, lace washing, forelimb flailing, and paw pushing. This same aversive sequence is elicited by novel quinine HC1 in concentrations of 3 X 10~4 M or greater.) Laboratories) were maintained on ad lib laboratory chow and water. These rats were subsequently anesthetized with sodium pentobarbital (65 mg/kg lp) and implanted with two intraoral cannulas by the method of Grill and Norgren (1978a) . The cannulas were constructed from 40-mm pieces of PE-100 tubing (ClayAdams) which were heat flared at the proximal end and covered with a plastic washer Each cannula was placed just anterolateral to the first maxillary molar, brought out subcutaneously, trimmed to the level of the dorsal skull, connected to 20-mm lengths of 19-ga stainless steel tubing and anchored to screws on the skull surface with dental acrylic The cannulas provided channels into which finer tubing (PE 10) could be fitted. This PE-10 tubing was attached to a length of PE-50 tubing which was connected to a l-ml glass syringe filled with a taste solution This apparatus enabled the infusion of taste solutions into the rat's mouth Rats were then separated into groups according to two criteria: the three tastes, or CS+s, to which they would be exposed, and whether the taste was novel or familiar on the first day of pairing Thus, there were six groups: novel sucrose (n -6), novel NaCl (n = 7), novel HC1 (n = 7), familiar sucrose (n = 6), familiar NaCl (n = 6), and familiar HC1 (n =6).
Procedure The three tastes, or CS+s, used (.3 M sucrose, ,' i M NaCl, and 03 M HCl) were selected on the basis of earlier work (Grill & Norgren, 1978a) which had demonstrated that 30-^1 stimulus presentations of each would reliably evoke an ingestive sequence comprised ol rhythmic mouth movements, rhythmic tongue protrusions, and lateral tongue movements (see Figure II during which time the stimulus was swallowed Taste solutions were not presented intraorally until at least 5 days after implantation At this time each rat in the novel groups was connected to the stimulus-de livery tubes, placed in a clear plastic cylinder (10-m diameter, 10-in. height [25 4 cm]), and injected with five 50-MI oral presentations of distilled water on each of 3 consecutive days Each rat in the familiar groups re ceived the same regimen of intraoral presentations, but the sapid stimulus that would be subsequently paired with LiCl was substituted for'distilled water Thus both the novel and familiar groups were habituated to the testing apparatus and to intraoral fluid presentations for 3 consecutive days prior to Test Day 1 The I.iCl dose used, 1 5 mEq/kg (1 ml of an isotonic LiCi solution/lOOg), was selected on the basis of pilot work which had shown that either 1.3 mEq/kg or 3.0 mEq/k» (Nachman & Ashe, 1973) would yield an equivalent change in taste reactivity after one or two pairings of taste and LiCl Experimental Day 1 The rats' oral cannulas were connected to the stimulus-delivery 7 tubes, and a 10-min habituation period ensued Each rat then received five 50-/iI presentations of a taste solution; 30 sec intervened between each two of these five stimulus presentations The pattern of reactivity to each taste stimulus (CS+J was videotaped through a mirror positioned below the test cylinder, for subsequent analysis. Immediatel) following the fifth presentation, rats were removed from the cylinder and injected ip with 1 ml/100 g .15 M LiCl .olution. Rats were then placed in an interim cage to wait transfer to the home cage 1 U> 2 hr later. No food or water was available in the interim cage; food and water were available ad lib in the home cage.
Experimental Day 2: The procedure of Day 1 was used 24 hr laier.
Experimental Day 3: The method of Day 1 was again used 24 hr later except that no LiCl injection was given.
Behavioral analysis A slow-motion videotape analysis was made of the behavioral response of each rat on each day for the occurrence of ingestion and aversive onsummatory response components. Ingestive components are mouth movements-low-amplitude, rhythmic openings of the mandible (6.6 Hz), tongue protrusions-rhythmic protrusions of the tongue (8 8 Hzl on the midhne, with the tongue covering the upper incisors, and lateral tongue protrusions-nonrhythmic extensions of the tongue on either side of the mouth, with the tongue pushing the lip laterally as it moves 'forward, with duration of 85-215 msec Aversive , components are gaping-rapid large-amplitude opening I of the mandible with concomitant retraction of the * corners of the mouth to reveal the internal oral labia and retraction of the lower lip, lasting approximately 166 msec, chin rubbing-bringing the mouth in direct contact with a substrate (I e., floor or wall) and protecting the body forward by flexion of the dorsal neck and by pectoral and forelimb musculature; head shaking-rapid side-to-side movements of the head at a rate faster than 60 cycles/sec, face washing-a face-forelimb grooming pattern characterized by active contact between forehmbs, oral cavity, and face while the rat is supported by its hindlimbs; forelimb flailing-a response that generally follows face washing and consists j of rapidly shaking both forelimbs in the horizontal plane I with a frequency of greater than 60 Hz; paw pushing-I simultaneously extending one forelimb forward against "the substrate while retracting the other at a rate of apjproximately 4.6 extensions per second; and fluid ejection-an active and obvious rejection of the stimulus solution from the mouth onto the floor, walls, or body (from Grill & Norgren, 1978a) [Results ,» The taste reactivity elicited by the preJj paired sucrose, salt, or acid stimulus (Day 1) |was in all instances an ingestive sequence composed of rhythmic mouth and tongue movements and larger magnitude lateral movements of the tongue (Figure 1 , top; Figure 2 , Day 1 segments). No aversive components were observed in the taste res* activity of any naive rat, and the entire 50-/il stimulus was consumed without exception. In every case, after a single pairing of a novel taste with lithium chloride injection, gaping replaced mouth movements as the initiating component and was followed by chin rubs, locomotion, and ejection of the taste stimulus from the oral cavity. The addition of a second taste-LiCl pairing on Day 2 intensified the aversive response elicited on Day 3; that is, the number of rats displaying aversive responsive components other than gaping increased, while the number displaying ingestive components was decreased or totally eliminated ( Figure 2 , under the Novel heading). Familiar tastes were more resistant to the response changes that characterized novel taste-LiCl association. The only response change that accompanied familiar sucroseLiCl pairing was a decrease in the number of rats demonstrating lateral tongue protrusions. In contrast, in rats for which the same .3 M sucrose stimulus was novel on Day 1, not only was there a diminution in the number of rats demonstrating ingestive components on Days 2 and 3, but by Day 3 every rat displayed gapes, chin rubs, locomotion, and fluid ejection. The resistance of familiar NaCl and HC1 responses to change from ingestive to aversive was less absolute but nevertheless quite clear. On Day 2, rats that received NaCl as a novel stimulus, for example, displayed four of the aversive components, whereas NaCl-familiar rats showed only one, gapes. Likewise on Day 3, HCl-naive rats displayed eight of the aversive components, whereas HCl-familiar rats showed four. Despite the fact that all three familiar tastes yielded equivalent ingestive sequences on Day 1, the magnitude of the LiCl-induced response change is different for the three tastes. Familiar sugar is more resistant to the associative effects of LiCI pairing than familiar salt or acid.
Discussion
An animal that consumes a poisoned bait and survives demonstrates a shyness (avoids consuming) toward that particular bait (Barnett, 1963; Barnett & Spencer, 1940; Richter, 1953) . Since the appearance of Koelling's (1965, 1966) early laboratory demonstration of bait shyness, an enormous number of experiments on this topic have appeared in the literature (see Riley & Baril, 1976) . The phrase "taste aversion conditioning" has been favored over bait shyness as more descriptive of the phenomenon in this literature. Despite the term applied-taste aversion condi- tioning-what has been measured in such experiments is not aversive behavior but the reduction of the paired-taste intake following LiCl association. Aversive behavior, as defined by Craig (1918) , is a sequence of movements that facilitate the removal of a stimulus from contact with the organism. In the case of foods, responses that facilitate the removal of a substance from the oral cavity would satisfy Craig's criteria for aversive behavior. The offending stimulus could be termed a noxious taste stimulus. Quinine can serve as a model noxious stimulus: The taste reactivity elicited by quinine is made up of a sequence of five aversive response components (Grill & Norgren, 1978a) . Taken individually, several of these components are effective in removing the quinine stimulus from the oral cavity. Collectively, this sequence of actions ensures the rapid expulsion of the noxious taste stimulus from the mouth, thereby preventing digestion and absorption.
With the use of the taste-reactivity methodology, the present experiment demonstrates that after taste-LiCl pairings, a taste that had elicited an ingestive response before pairing will evoke an aversive or a rejection response that duplicates the response elicited by novel quinine. These data support and extend Rozin's (1967) observation in rats of food spillage of poisonpaired foods, a response resembling that given to quinine-adulterated foods.
These data are consistent with the notion of palatability as expressed by Young (1977) . Palatability is defined as the organism's response to food and is represented as a continuum from ingestive responses to aversive responses. The palatability of a given taste stimulus is not fixed; that is, the consummatory response elicited by a given taste (a measure of palatability) is not determined exclusively by the stimulus-receptor inter-• action. Rather, the stimulus-response relations yielding ingestion or rejection may vary as a function of the organism's present ., physiological state and/or its past history. * These changes in palatability, which are quantifiable as changes in ingestive consummatory behavior or taste reactivity, are critical for the regulation of the internal milieu (Cabanac, 1971; Garcia, Hankins, & Rusiniak, 1974; Young, 1977; Booth, Note 1) . The regulation of the internal milieu can be achieved by alterations of ingestive behavior toward specific foods. The behavioral changes reflect shifts in palatability of the specific foods, which occur as a function of the immediate physiological state of the animal, as in the case of the increased palatability of sodium salts during sodium depletion, or as a function of past associations. We interpret the change in the pattern of reactivity evoked by each of our taste CS+s to reflect a decreased palatability of the taste after pairing with the effects of LiCl. We cannot entirely rule out the alternative interpretation, that the changed taste reactivity reflects the expectancy of an impending aversive visceral event, independently of the taste's palatability. However, we can say that the altered reactivity does not reflect the expectancy of a general aversive event, since repeatedly pairing a taste with footshock does not alter taste reactivity elicited by that taste (Pelchat, Grill, & Rozin, Note 2) .
Experiment 2: Effects of a Learned
Taste Aversion on the PIR
The sensitivity of the taste-reactivity test to acquired taste aversions provides a means for ascertaining the strength of a rat's aversion for a particular taste while at the same time assuring that the animal continues to experience the taste. This makes the taste-reactivity test an ideal measure of behavioral aversions, which can be compared with other responses to tastes, such as the PIR. Use of the reactivity test as our behavioral criterion of aversion allows us to examine whether the preabsorptive release of insulin to a 50% glucose solution is modified by the establishment of an aversion for that taste. If the PIR is a purely stimulusbound reflex, elicited by appropriate oral stimuli independently of experience, then the establishment of an aversion for a taste stimulus should not alter the PIR to that stimulus. On the other hand, if an animal's past experience with a particular food plays a role in determining the efficiency of that food as a PIR elicitor, then the pairing of LiCl-induced illness with the food might well be expected to change the PIR to subsequent presentations of that food.
Each rat was implanted with two chronic oral cannulas and a jugular cannula so that the taste solution could be presented simultaneously with blood withdrawal without disturbing the rat. After recovery from surgery, the animals were presented with 1 ml of 50% (2.53 M) glucose through the cannulas, and their behavioral and insulin responses were recorded. They then received injections of LiCl. This procedure was repeated on the following 2 days.
Method
Subjects Nine male Sprague-Dawley rats (Charles River Laboratories), weighing between 300 and 500 g, were equipped with two chronic oral cannulas and a jugular cannula under sodium pentobarbital anesthesia (6. r > mg/kg, ip) These nine rats were divided into groups of four (Group 1) and five (Group 2) Each group was run separately with the same procedure in order to provide a replication.
"iutxual prmcdurr A sagittal cut in the skin was IILHII-dicing the midline. and the skull was exposed Four jeweler's screws were fastened symmetrically between bregma and lambda and were then covered with acrylic dental cement With the procedures of Steffens (1969a) , each rat was fitted with an intrajugular cannula, which was placed in the right jugular vein and filled with a polyvinylpyrrohdone and heparin mixture (PVP) Prior to anchoring the distal end ol the jugular cannula to the dental acrylic, each rat was implanted with two intraoral cannulas as in Experiment 1. Obturators were fitted onto the distal end of the jugular cannula and into each oral cannula after anchoring these to the dental acrylic Antibiotics (H-L Bi-Pen, Cutter Laboratories, Inc., .1 ml) were given during surgery to prevent infection The animals were allowed to recuperate for 1 day before testing began Pilot tests indicated that plasma glucose and insulin values are not disturbed the day after surgery of this sort.
Testing procedure Day 1 Rats were deprived of food beginning at 9 00 a.m and were each tested 4 hr later The PVP was removed from the jugular cannula through a short length of Silastic (medical grade) tubing, which fitted snugly onto the cannula, and a syringe Another syringe was attached to the tubing, and 5 ml of hepannized bactenostatic saline was injected IV. The rat was then connected to a 30-cm length of Silastic tubing which also was filled with saline The proximal end of the tube was attached to a saline-filled 1 -ml syringe. The animals' oral cannulas were connected to the stimulus-delivery tubes, and the animal was placed in the cylindrical, clear-plastic testing chamber for a 15-min habituation period.
Saline was withdrawn from the Silastic tube, and a new syringe was attached. A .2-ml baseline blood sample was slowly withdrawn over a period of 1 min, and a new syringe was attached The baseline sample (Bj) was capped and placed on ice. A 2-min interval ensued before taste (CS) presentation Time = 0 at the onset of the CS presentation. A 1 -ml volume of 50% glucose solution (2 52 M) was infused into the animal's mouth through the oral cannulas over 1 min by a hand-held syringe The glucose stimulus and its concentration were chosen for their known ef fectiveness as elicitors of the PIR (Berthoud et al.. 1980 Louis-Sylvestre, 1976 ). Simultaneously, a .2-ml blood sample was taken (B2). Due to the calibrated .2-ml dead space of the combined cannula, Silastic tube, and syringe needle, the sample taken at any given time actually contained the blood sample of the previous minute. Thus the sample taken over Minute 0-1 is actually the second baseline (B2); the sample taken over Minute 1-2 is actually the sample of Minute 0-1, and so on. The rate of blood withdrawal was .05 ml/15 sec Each sample was withdrawn by hand Taste reactivity in response to the oral infusion was • videotaped for the first 30 sec of the 1-min infusion At \ time = 1 min, the sample syringe was removed, capped, and placed on ice A new syringe was attached, and a .2-ml sample was taken over time = 1-2 min. Trm process was repeated for [3] [4] [4] [5] [6] [6] [7] [8] [9] No samples were taken during Minute 5-6 or 7-8 A total of 1.6 ml of blood was removed during a test da\ Each blood sample was taken at a constant rate over each full 1-min interval. The blood remaining in the Silastic tube and cannula at the end of the test was then pushed back into the animal along with 1 ml of saline The total volume of saline injected on a test day WSthus 1.5 ml. The rat's cannula was refilled with PVP and the obturator was replaced.
Immediately after blood sampling (about 10 min after the CS presentation), each rat was injected ip with 15 mEq/kg LiCl solution The rat was then placed in an interim cage to await transfer to the home cage 1 -2 hr later Immediately after sampling, the blood »a-transferred to labeled 250-^1 heparinized capillary tubes • and centrifuged for 7 min at 2,650 rpm. The plasma was then transferred to 400-/xl labeled test tubes, capped, and frozen Day 2' The procedure of Day 1 was used. Day 3 The procedure of Day 1 was used except that no LiCl injection was given.
Day 14: A two-bottle preference test was admims tered in the home cage over a 24-hr period to determine whether the taste aversion previously established would transfer to an avoidance test. One bottle contained 50"" glucose solution, the other, distilled water Bottle po sitions were switched four times during the test.
Plasma analysis Duplicate radioimmunoassays ft" insulin (method of Herbert, Lau, Gottlieb, & Bleicher 1973) were performed on 20-fxl plasma samples by the Diabetes Center of the University of Pennsylvania Duplicate assays for glucose were performed on IO-JU plasma sample with a Beckman glucose oxidase ana lyzer.
Behavioral analysix As in Experiment 1, a slo« motion videotape analysis was made of each rat's be havioral response to the oral infusion of each day. Pil" 1 tests with 1-ml continuous infusions had revealed w components not seen when taste solutions were ad ministered in discrete bO-fi\ infusions. Occasional during the continuous infusion of a sapid solution, the rat persistently directed its ingestive response toward its own forepaws, holding them close to the mouth and lapping at them for 10-50 sec This behavior was recorded as paw licking Another behavioral component produced in some rats by continuous oral infusions is the paw wipe, which occurs in response to noxious tastes Paw wiping is the unilateral downward movement of either forepaw across the penoral region It can occur as a single movement or as a group of several wipes with the same paw This component is observed in thalamic rats (in which all structures rostral to the diencephalon have been ablated) in response to 50-ix\ oral infusions (see Figure 3 in Grill & Norgren, 1978b) but is elicited only by continuous infusions in intact rats
Results and Discussion
Oral infusions of glucose solution in naive I animals began to stimulate insulin secretion | during the first minute of infusion. Plasma * insulin levels were significantly above base-| line (p < .01, paired t test) by the second | minute after infusion onset in the two groups I combined and remained significantly elevated for the duration of the test (p < .05). Figure 3 shows the insulin and glucose responses of Groups 1 and 2, respectively, on Day 1. All rats eagerly consumed the glucose stimulus, showing ingestive behavioral components (mouth movements, tongue protrusions, lateral tongue protrusions, and paw licks) almost exclusively, and they continued to ingest throughout the full minute of infusion (Figure 4 ). Only one animal showed an isolated gape to the onset of the stimulus on the first day. In Group 1, one animal had to be discarded on the second day of testing because its jugular cannula became plugged. In Group 2, one animal was discarded for the same reason on the second day.
Glucose infusions on the second day produced very different behavioral and insulin responses. Group 1 insulin levels declined following the glucose infusions ( Figure 3) ; the behavioral response was predominantly aversive (gapes, chin rubs, paw wipe, headshake, and locomotion), and the stimulus was consumed for only 10 sec on the average (Figure 4 ). Group 2 also exhibited an increase in aversive responses (all four animals emitted several gapes to the stimulus; none had done so on the previous day), but the entire response of the group was more mixed on the second day than that of Group 1. That is to say, the taste reactivity of Group 2 on Day 2 included more ingestive components than that of Group 1. Similarly, its insulin response, while dramatically suppressed compared with that of the first day (p < .05), did increase significantly above baseline by the last minute (p < .05) on Day 2. On Day 3 ( Figure 3 ), both groups responded in a highly aversive manner to the glucose infusion, and the PIR was abolished. The combined insulin response of both groups was significantly below the Day 1 response from the second minute onward (p < .05) and never deviated significantly from baseline. The two-bottle preference test administered on Day 14 indicated that an enduring preference reversal for glucose had indeed been established by our procedure ( Figure 5 ). These results demonstrate that one or two pairings of a 50% glucose taste stimulus with an LiCl injection can eliminate the preabsorptive release of insulin that was evident prior to taste-LiCl pairing. Both groups of identically treated animals showed a suppression of the PIR following LiCl pairing; the behavioral aversion and PIR suppression developed somewhat more slowly in Group 2 than in Group 1 (Figures 3 and 4) . Given that an acquired taste aversion paradigm suppresses the PIR response, the question becomes one of the precise nature of the suppression. Is it specific to the newly noxious taste? Or does the exposure to LiCl create a state of autonomic impairment in which any minor stressor, including the onset of blood withdrawal, triggers a drop in insulin secretion? Does LiCl perhaps damage the pancreatic beta cells or their innervating system so that even novel preferred tastes become incapable of eliciting a PIR? Or might a prior experience with the taste alone-without an LiCl injectionitself suffice to habituate the response to that taste? Experiments 3-5 were designed to address these questions.
Experiment 3: Direct Effects of LiCl Administration on Insulin Baselines
Before concluding that the suppression of preabsorptive insulin secretion to glucose observed in Experiment 2 is due to the formation of a learned aversion to glucose, it is necessary to demonstrate that the administration of LiCl alone does not create a state in which the blood-sampling procedure of the following day itself causes a suppression of insulin secretion. In addition, it is important to know the insulinemic UCR to an injection of LiCl in order to determine the relation between the PIR suppression after LiCl conditioning and the immediate insulin response that is evoked by LiCl alone.
This experiment reveals that LiCl, when administered alone, causes no suppression of the insulin baseline of the next day. It also demonstrates that LiCl ip has no immediate suppressive effects on insulin secretion.
Method
Seven naive male Sprague-Dawlev rat-!, weighing 300-400 g (lour LiCl experimental, three saline control), were implanted with jugular cannulas as in Experiment 2 Testing began as usual on the following da\ The rats were deprived of food beginning at 9.00 a m , and each was tested 4 hr later Tesdng procedure Each rat was placed in an individual cage, and its cannula was connected as in Experiment 2 After a 15-min habituation period, a baseline sample ( 2 ml) was taken Two minutes after the end of the baseline sample, time = 0 and the animal was lifted out of the cage and injected with 15 M LiCI (1 ml/100 g of body weight) ip or it* equivolume control of 15 M NaCl. Blood samples (.2 ml) were collected by a hand-held syringe every minute from time = 0 to 10 min, and at Minutes 15, 30,60,90, and 120 The animal was then injected through the cannula with 2 5 ml of isotonic saline, to replace fluid loss, and returned to the home cage Day 2 The rats were again food deprived beginning at 9:00 a.m., and testing began 4 hr later Each animal was run through the procedure used in Experiment 2, Day 1, except that no taste stimulus was given and sampling ended after the third minute Samples were taken at Bi, B 2 , 0-1, 1-2, and 2-3 minutes.
Results and Discussion
Insulin values rose immediately (p < .05) following LiCl injection but returned to baseline by the fifth minute after injection ( Figure 6 ). No significant changes followed NaCl injection. The important point is that at no time did the insulin values of LiClinjected animals fall below the baseline, in marked contrast to the suppressive effects of a learned taste aversion on the PIR.
On the day after injection, no drop in insulin levels was observed. We conclude that the suppression of the PIR produced by learned taste aversion does not reflect a suppression of insulin secretion due to LiCl exposure alone or to an LiCl-exposure/ blood-sampling interaction.
Experiment 4: Habituation of the PIR to Repeated Oral Glucose Presentations
Since we had determined that the PIR suppression by a learned taste aversion does not result from exposure to the UCS (LiCl) alone, it was necessary to next assure that the suppression observed in Experiment 2 was not due simply to experience with the CS, that is, due to a habituation of the response following repeated exposures to the glucose stimulus.
Method
Four naive Sprague-Dawley male rats, weighing HUO 400 g, were implanted with oral and jugular cannulas as in Experiment 2 Testing began 1 day after surgery The procedure was identical to that used on Days 1, 2, and ,' ) ol Experiment 2 except that isotonic saline injections were substituted for LiCl
Results and Discussion
The PIRs to glucose for the 3 days are shown in Figure 7 , equated for baseline. The PIR on Day 2 appears to be somewhat depressed compared with that on Day 1, but not significantly so. The PIR on Day 3, however, is largest of all. These data indicate that the PIR is not significantly suppressed by repeated daily exposures to the same oral stimulus, and they eliminate habituation as an explanation for the taste aversion effect on the PIR demonstrated in Experiment 2.
The preceding experiments have demonstrated that the PIR to a palatable food can be abolished by pairing the food with LiClinduced illness and that this phenomenon can not be ascribed either to a habituation of the PIR or to the direct effects of LiCl on the insulin baseline of the following day However, we have not yet shown that an animal remains capable of emitting a normal PIR to a food 24 hr after a taste-illness To address the issue of PIR capacity fol-I lowing taste aversion learning and also to 4 examine the role of associative processes in * the inhibitory effect of the taste aversion | paradigm on the PIR, we conditioned rats to | discriminate between two sapid sugars: | maltose and fructose. Richter and Campi bell (1940) showed that rats differentially J consume 15% (w/w) solutions of these two * sugars and that both were preferred to dis-I tilled water. For half of our subjects, inf u-5 sions of 15% maltose were paired with LiCl 1 injections, and 15% fructose infusions with •? saline injections. The other rats received * fructose paired with illness and maltose as -the safe sugar. Because the taste of these • two sugars might be similar enough to make . a discrimination difficult, we introduced a safe CS-preexposure period. This was a | 3-day period that preceded the conditioninĝ trials, during which the animals had free * access to their safe solution, the CS-i. This 4 meant that the rats would have had more experience with their respective CS-\ by the time of testing than with their CS+, the taste * paired with poison. As a control for the problem of relative experience and for exg amination of the PIR to a new taste category, * a nonsugar taste, isotonic sodium chloride,
-was presented to all animals as a CS-2, in f equal amounts and with equal frequency tô the CS+. Rats have been shown to prefer -this nonsugar stimulus to water (Weiner & • Stellar, 1951 On Day 5, all the rati were implanted with the oral cannulas as in Experiment 1 After surgery the animals were placed in individual cages and given food and tap water. (One of the rats in Group F died under anesthesia before surgery. It was replaced by a new rat of the same age, which received the same treatment as the other Group F rats from this point on but did not receive latent inhibition training This rat's subsequent behavioral taste discrimination was comparable with its peers', however, and so its insulin data are included in this experiment)
Conditioning procedure Conditioning proceeded from Day 6 to Day 11, with the CS+s and CS-s being presented on alternate days. On CS-days, Group F rats received their CS-i, 15"i fructose, and their CS-2, isotonic saline, according to the procedure described below Likewise, Group M animals received their CS-1,15% maltose, and CS-2, isotonic saline On CS+ days, Group F animals received maltose and Group M rats, fructose Animals were placed in the testing chamber, and their oral cannulas were attached to delivery tubes as in Experiment 2 Following a 15-min habituation period, 1 ml of the taste stimulus was infused into the rat's mouth over 1 min Behavioral responses to the stimulus were videotaped Ten minutes after the stimulus presentation, the animal was removed from the test chamber On CS+ days, the animal was given an LiCl injection lp according to our usual procedure On CS-days, the rat was given an isotonic saline injection after the CS-i (the unpaired sugar). Five hours after presentation of the CS-i, the animal was again placed in the chamber for 15 min and then presented with the CS-2 (orally infused isotonic saline). No injection was given after this presentation. Clear behavioral discrimination between the CS+ and the CS-1 was observed in all animals by the last round of conditioning trials, and so the experiment moved on to the next stage Testing procedure Day 12 The rats were implanted with jugular cannulas as in Experiment 2 Day 13. Following our usual method of stimulus presentation and blood sampling, the CS-1 was presented in the PIR test. Behavior was videotaped Isotonic saline (.15 M) injections were given after the test Day 14 Presentation of CS-2 was by the same procedure used on Day 13
Day 15 Presentation of CS+ was by the same procedure
The mean insulin responses (equated for baseline Bo) to infusions of the CS-1, CS-2, and CS+ are shown in Figure 8 . Only the CS-1, the unpaired sugar, evoked a PIR that rose significantly above baseline (p < .05), and it reached this significant elevation by the second minute of the infusion. Infusions of the CS+, the poison-paired sugar, or of the CS-1, the unpaired salt, did not produce significant elevations of insulin. The apparent rise in insulin following presentation of the CS+ has a large variance and is not statistically significant. The behavioral discrimination between the three tastes was very clear, as can be seen in Figure 9 . The presence of a statistically significant PIR in response to the safe sugar demonstrates that the capacity to emit this neuroendocrine reflex is not diminished by repeated exposure to LiCl. Thus the results of Experiment 2 cannot be discounted as being due to possible disruptive effects of LiCl on pancreatic function. The fact that the safe sugar alone was able to elicit a significant insulin response supports an associative interpretation of the taste-aversionproduced PIR suppression.
Experiment 6: PIRs to Different Tastes
The specificity of the taste aversion effect on the PIR raises a new question of the relation of autonomic reflexes to behavioral responses and to the palatability of a given food stimulus. One way in which the suppression of the PIR produced by a learned taste aversion could be viewed is as a single aspect of a larger response complex, comprising somatic as well as autonomic responses to foods, that has been altered as a consequence of a shift in the palatability of glucose. Preabsorptive insulin release has been reported to occur in response to saccharin solution (Berthoud et al., 1980) , carbohydrate-free food and nutrient-free food (Strubbe & Steffens, 1975) , and even to tap water (Berthoud et al., 1980; Hommel et al., 1972) ; all these stimuli were actively ingested. In addition, it has recently been reported that highly palatable foods evoke larger PIRs than do less palatable foods (Louis-Sylvestre & Le Magnen, Note 3). This raises the possibility that the PIR and behavioral ingestion are parallel responses controlled by the same central regulatory mechanism. Such a view would hold the PIR to be response-bound rather than stimulus-bound; that is, the PIR should always occur in the presence of behavioral ingestion and never in its absence. To test this possibility, we examined the PIRs given by the same rats to four tastes of varying preference. These taste solutions were glucose (2.52 M), a solution that has repeatedly been shown in our laboratory to evoke avid ingestion; sodium chloride (.15 M), a solution known to be preferred to water in two-bottle preference tests (Weiner & Stellar, 1951) ; ammonium chloride (.3 M), which is a nonpreferred salt to rats (Nachman, 1962) ; and quinine hydrochloride (.003 M), an extremely bitter substance, which is avoided in two-bottle tests (Pfaffmann, 1960) and which elicits strong behavioral aversion in the taste-reactivity test (Grill & Norgren, 1978a) .
Method
Five naive male Sprague-Dawley rats, weighing 300-400 g, were implanted with oral and jugular cannulas as in Experiment 2. Testing began 1 day after surgery. Stimulus presentation, blood sampling, and behavioral analysis were all performed according to the method used in Experiment 2. Testing proceeded over 4 days, and each rat received one taste solution per day. The order of stimulus presentation was balanced so that each taste was presented at least once on every day.
Results and Discussion
Although there was a clear progression of behavioral responses from pure ingestion (in the case of glucose) to predominant ingestion (sodium chloride) to predominant aversion (ammonium chloride) to complete aversion (quinine), only glucose could be seen to elicit a PIR (Figures 10 and 11) . None of the other taste stimuli produced a reliable increase in insulin secretion, even though all stimuli were presented in precisely the same manner and were diluted with the same solvent, distilled water. It is especially interesting that one of these insufficient stimuli, sodium chloride, did evoke consistent behavioral ingestion and was consumed almost entirely, just as in Experiment 5. Thus active ingestion of even a preferred taste can occur in the absence of a PIR. This dissociation of behavioral from autonomic responses could mean either (a) that the strength of behavioral ingestion needed to ensure a PIR is higher than any of our nonsugar taste stimuli could elicit or (b) that the occurrence of the PIR is not controlled by the strength of the elicited somatic ingestive response per se but, instead, by some other more complex determining factor.
General Discussion
These experiments combine to show that specific experiences change subsequent neuroendocrine function and ingestive consummatory behavior in a definite and orderly fashion. The preabsorptive release of insulin reflexively evoked by the oral cues of preferred foods (Berthoud et al., 1980; Fischer, Hommel, Ziegler, & Michael, 1972; Louis-Sylvestre, 1976; Porter & Bassett, 1979; Strubbe & Steffens, 1975) can be abolished for a particular taste by pairing that taste with LiCl-induced illness. This suppression of the PIR is produced by ecologically valid stimuli, taste and illness, that can be expected to exist in the natural environment of the rat as well as in the laboratory (Garcia & Koelling, 1966; Garcia, Rusiniak, & Brett, 1977; Rozin & Kalat, 1971) . This suggests that the PIR suppression and behavioral change produced by a learned taste aversion may actually be a fairly widespread phenomenon in nature.
The crucial factor behind the behavioral alteration and neuroendocrine suppression induced by this paradigm appears to be the changed palatability of the poison-paired taste solution. Both behavioral ingestion and the neuroendocrine reflex are still elicited by other taste solutions, even those that are categorically similar (i.e., sugars) to the poisoned taste. Animals that have developed an aversion for fructose still emit a PIR to maltose, and vice versa. The poisonpaired taste no longer elicits a PIR, however, even though the mouth is continuously bathed with the taste solution for a full minute. This demonstrates that the response-eliciting, that is, informational, properties of the taste may have been changed in spite of the fact that the physical stimulation of the oral receptors is identical to that which produces ingestion and PIR in the naive animal.
A role for information-carrying stimuli in the control of insulin regulation has been reported by others. Woods et al. (1977) reported that an odor or tone paired with daily feedings, at the same time each day, becomes capable of eliciting an increase in insulin secretion when presented alone at the accustomed meal time. Similarly, odors or contextual stimuli that have been paired with insulin injections eventually become able to alter glycemia when presented alone (e.g., Flaherty et al., 1980; Siegel, 1975; Woods, Hutton, & Makous, 1970) . Tastes have occasionally been used in investigations of the relation of experience to metabolic responses. Deutsch (1974) argued that sweet tastes become naturally conditioned stimuli for hypoglycemic responses; however, this contention has received little support from other investigators (Berthoud et al., 1980; Nicolaidis, 1969; Steffens, 1976) . Nairn and Kare (1977) reported that the exocrine pancreatic secretion elicited by oral swab application of sucrose solution gradually becomes extinguished with repeated presentations. Our results are the first to find a role for experience in the control of insulinemic responses to tastes, however.
Given that an acquired aversion for a taste does suppress the PIR, the question next becomes one of why. It has already been shown that the answer to this question does not reside either in the effects of illness alone or in experience with the taste stimulus alone. The suppression depends upon the altered significance of the taste solution that results when taste and LiCl are associated. The problem is how and why the association of a taste with the consequences of LiCl is expressed in a suppression of the reflexive release of insulin to that taste.
One possibility is that the taste that has been paired with illness becomes a stressful or frightening stimulus, eliciting general sympathetic arousal and a concomitant suppression of parasympathetic functions. Increases in circulating epinephrine, which would be produced by activation of the sympatho-adrenal response, suppress insulin release (Porte, 1969) . Direct sympathetic innervation of the pancreas by the splanchnic nerve is another possible route of sympathetic suppression of insulin secretion (Hell & De Aguiar Pupo, 1979; Campfield & Smith, Note 4) . Thus the possibility that the suppression of the PIR is due to sympathetic activation must be admitted; however, there is at least one source of evidence against such an interpretation. Activation of the sympathetic nervous system, in response to stress, has traditionally been understood to be a diffuse, nonspecific phenomenon due in part to the presence of interganglionic fibers that connect the various sympathetic ganglia (Cannon, 1932) . Sympathetic stimulation of one nerve, such as the splanchnic nerve innervating the pancreas, might be expected to be accompanied by a general sympathetic activation of other organs, including the adrenal medulla. This sympatho-adrenal activation has a number of known consequences, among them being an increase in blood levels of epinephrine which results in glucose liberation from the liver. The fact that we have not observed an elevation of blood glucose following the oral infusion of a poison-paired taste suggests that sympathetic activation is not the cause of the PIR suppression.
A second possible explanation for the PIR suppression is that both the autonomic inhibition and the behavioral aversion seen after taste-LiCl pairings reflect the action of a common regulatory control mechanism. This means that the PIR and behavioral ingestion may share a unitary mechanism within the central nervous system. This regulatory mechanism could produce parallel somatic and autonomic responses to a taste on the basis of the taste's relative palatability. This explanation could account for the parallel changes in PIR and consummatory behavior following taste aversion learning, but it is unable to explain the dissociation of autonomic and behavioral responses to oral NaCl infusions observed in Experiments 5 and 6. Active ingestion of a preferred taste may occur even in the absence of a PIR. This means either that the active ingestive behavior elicited by NaCl is simply not sufficient to recruit a PIR or else that behavioral ingestion and preabsorptive insulin secretion have essentially distinct causes.
Another, perhaps better, interpretation of the taste-aversion-produced PIR suppression may be to view it as a result of a change in the taste stimulus' acceptability as a food specifically rather than as an object of ingestion generally. It is the removal of the taste stimulus from a category of objects suitable as energy sources that subsequently precludes the PIR to the taste, not its removal from the larger class of stimuli suitable for oral ingestion per se. Indeed, stimuli that cannot be ingested, such as tones, but signal the onset of anabolic metabolism do stimulate insulin secretion (Woods et al., 1977) , whereas stimuli that are actively ingested but classified as a distinct substance apart from their caloric worth, such as NaCl (Pfaffmann, 1959; Richter, 1936) , do not. This model suggests that it is a stimulus' possession of cues that connote caloric content (e.g., sweetness, oiliness), together with its palatability, that determines whether the stimulus will evoke a PIR, and not the simple preference for the stimulus as an object of consumption. Palatability alone does not guarantee a PIR.
There is ample evidence that animals do possess such stimulus subcategories within the general class of ingestive stimuli. Sodium-deprived rats recognize and prefer substances containing sodium salts (Richter, 1936) . Naive chicks respond with drinking movements to the oral cues but not to the sight of water; after a few pairings the sight of water becomes a strong elicitor of drinking behaviors that are quite distinct from feeding pecks (Hunt & Smith, 1967; Morgan, 1894) . Pigeons in an autoshaping paradigm come to make "feeding pecks" at the key light if the UCS is food but "drinking pecks" if the UCS is water (Jenkins & Moore, 1973) . Finally, in studies of both rats and humans in the domain of caloric content, tastes that have been paired with high-caloric loads become signals for conditioned satiety compared with tastes that predict fewer calories (Booth, 1972; Booth, Lee, & McAlearey, 1976) . These instances of behaviorally defined subclasses of ingestive stimuli support the notion that such functionally defined classes (caloric content, osmolarity, sodium content, etc.) are real determinants of the form and intensity of ingestive responses. The use of such subclasses in a model of the PIR allows us to account for why glucose elicits a PIR and ingestive behavior in naive animals but evokes behavioral rejection and no PIR after aversion learning. More important, it alone allows us to also explain why isotonic NaCl can elicit behavioral ingestion but no PIR.
One other issue that merits attention is that of the function of the PIR in the metabolism of nutrients and in the evolution of the organism, along with the related issue of the function of the PIR suppression produced by a conditioned taste aversion. It has long been known that the insulin response evoked by a glucose load in humans is both larger and faster if the glucose stimulus is given orally than if the same amount is administered intravenously (e.g., Elrick, Stimmler, Hlad, & Ami, 1964; Scow & Cornfield, 1954) . A striking demonstration of the potential physiological significance of this cephalic enhancement was provided by Valenstein and Weber (1965) . Rats were injected with insulin (50% lethal dose) after consuming saccharin solution, glucose solution, or water. The rats that had ingested saccharin prior to the insulin injection had a significantly higher mortality rate than those that consumed glucose solution or water. Deutsch (1974) interpreted this increased mortality rate as a potentiation of the insulin-induced coma by natural hypoglycemic responses, such as endogenous insulin secretion, to the sweet taste of saccharin which are not offset by the postabsorptive effects of ingesting a nutrient solution such as glucose.
A less drastic but equally important potential role for the preabsorptive release of insulin to tastes was provided by Rowland, Meile, and Nicolaidis (1973) . They showed that animals were able to metabolize intravenously delivered nutrients more efficiently (measured by reduction of oral intake) if the intravenous infusion contained a fraction of insulin, an effect suggesting that the insulin secretion elicited postabsorptively by nutrients in the blood is below that required for optimal utilization. Further evidence that the PIR specifically is involved in rectifying this insulin deficit is found in Nicolaidis, Meile, and Rowland's (cited in Nicolaidis, 1977) observation that the oral ingestion of nonnutritive saccharin suffices to improve the metabolic efficiency of an intravenously delivered meal.
An additional function of the PIR may be to serve in the control of feeding patterns by potentiating the metabolic conditions that induce feeding (Louis-Sylvestre, 1976) or by mediating palatability-controlled meal selection (Louis-Sylvestre & Le Magnen, Note 3).
The adaptive significance of a PIR suppression following taste aversion learning is less clear. One might contend, from the above arguments, that the PIR suppression serves to decrease the metabolic uptake of a dangerous compound. The insulin suppression could also serve to suppress consumption of the poison by alleviating the metabolic conditions that provoke feeding. The relation between glucose utilization rate and poison efficacy is a matter of speculation, however; furthermore, we have no reason to believe that the PIR contributes to hunger sufficiently to overpower the inhibition of feeding due to a learned taste aversion. The PIR suppression might in fact be a redundant inhibitor of feeding, with little significance for the evolutionary fitness of the animal. These considerations suggest that the best understanding of the PIR suppression produced by a conditioned taste aversion can be gained by viewing it not as the acquisition by the food of a new, phylogenetically and physiologically significant status (poison) but, instead, as the loss of a preexisting informational status, that of a preferred metabolizable food.
